Chiba University-The effect on health of truck driving was investigated in a transport company. The study subjects consisted entirely of Japanese healthy male workers aged 40 yr or more (n=429) and were classified into the three occupations: truck driver, clerical worker, forklift truck driver and laborer. The truck drivers transport goods for short distances and work only in the daytime. The results of an annual health examination were used for comparing variables among occupations. The variables were tested by one-way ANOVA. The percentages of abnormal findings were tested by chisquare test. Multiple regression analyses were performed with SBP, DBP or HbA 1C as the dependent variables and age, occupation, smoking, drinking, BMI, γ-GTP, T-Cho or HbA 1C as the independent variables. BMI of truck drivers and Hb of clerical workers were significantly higher than those of forklift truck drivers and laborers in ANOVA. The percentage of obesity (BMI>=26.4) was significantly different in the three occupations, with obesity being most frequent in clerical workers. Multiple regression analysis indicated that age, drinking, BMI and HbA 1C were significantly associated with increased SBP. The analysis for DBP indicated that age, drinking and BMI were significantly associated with increased DBP, and smoking was associated with decreased DBP. The analysis for HbA 1C indicated that age, BMI and T-Cho were significantly associated with increased HbA 1C . Occupation was not significant in these analyses, suggesting that the health effect of driving alone was relatively small in this company.
Automobile drivers may be liable to various chronic diseases because of stress, lack of exercise, and exposure to polluted air in their work. In Europe and America, it was reported in many epidemiological studies that mortality and prevalence of ischemic heart disease and hypertension were high in taxi, bus and truck drivers [1] [2] [3] [4] [5] [6] . In Japan, it was also reported that the prevalence of ischemic heart disease and hypertension were high in taxi drivers [7] [8] [9] , but there has been a little investigation of the health effect of truck driving in Japan 10) . This prompted us to investigate the relationship between the results of an annual health examination and truck driving in a transport company, and to analyze whether truck driving affects blood pressure and HbA 1C values when other factors were considered in multiple regression analyses.
Subjects and Methods
An annual health examination was performed in workers of a transport company (881 men and 303 women). Because the number of female truck drivers was small (n=13), the female workers were excluded from this study. The workers under forty yr old were excluded from the analysis because they did not undergo the blood tests. Workers treated for hypertension, diabetes mellitus, hyperlipidemia, cardiac disease, liver disease, kidney dysfunction and gout were also excluded from the analysis. Finally, the study subjects consisted of 429 male workers who were classified into three occupations: truck driver, clerical worker, forklift truck driver and laborer. The number/percentage of persons excluded because of treatment were 18/10.1% of truck drivers, 9/22.0% of clerical workers, and 22/8.5% of forklift truck drivers and laborers. The truck drivers transported goods for short distances and worked only in the daytime.
In the annual health examination, a self-administered questionnaire survey was conducted about past history, present illness, and drinking and smoking habits. Body mass index (BMI) was calculated as the measured weight in kilograms divided by height in meters squared. Blood pressures were measured in the sitting position after at least 5-min rest, by means of a standard mercury manometer. The measurement was not limited to that done before or after work. Blood and urine samples were collected at the same time. Because these samplings were done during work time, they were not restricted to fasting ones. Urinary glucose and protein were measured by the testing paper method. "+" sign means about a 250 mg/dl glucose concentration and about a 25 mg/dl protein concentration.
The differences in age, systolic blood pressure (SBP), diastolic blood pressure (DBP), BMI, red blood cell count (RBC), hemoglobin concentration (Hb), serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyltranspeptidase (γ-GTP), total cholesterol (TCho), high density lipoprotein cholesterol (HDL-Cho) and glycohemoglobin A 1C (HbA 1C ) between the three occupations were tested by one-way ANOVA. The prevalences of smoker, drinker, SBP>=160 mmHg, DBP>=95 mmHg, hypertensive (SBP>=160 mmHg or DBP>=95 mmHg), BMI>=26.4 kg/m 2 , urinary glucose>= +, urinary protein>= +, RBC<=420 × 10 Multiple regression analysis was also performed with HbA 1C as the dependent variable, and age, occupation, smoking, drinking, BMI, γ-GTP and T-Cho as the independent variables. These analyses were performed with SPSS 7.5.1J software (SPSS Inc.). P values<0.05 were considered to be statistically significant. Table 1 shows a comparison of variables according to occupation by one-way ANOVA. The mean BMI of truck drivers was significantly higher than that of forklift truck drivers and laborers. The mean Hb of clerical workers was significantly higher than that of forklift truck drivers and laborers. No significant differences in other variables were observed between the occupations. Table 2 shows the numbers and proportions of smoker, drinker, and abnormal in each variable. The frequency of obesity (BMI>=26.4) was significantly different in the three occupations, and was most frequent in clerical workers. No significant differences in any other variables were observed between the occupations. Table 3 shows the results of multiple regression Table 4 shows the results of multiple regression analysis for DBP. Age, drinking and BMI were significantly associated with increased DBP. Smoking was significantly associated with decreased DBP. Other variables including occupation were not significant. Table 5 shows the results of multiple regression analysis for HbA 1C . Age, BMI and T-Cho were significantly associated with increased HbA 1C . Other variables including occupation were not significant.
Results

Discussion
Subjects of this study
No significant differences in age or smoking were observed between occupations. There was a significant difference between occupations in the percentages of treated persons. The clerical workers had the highest percentage of treated persons among the three occupations. Consequently, the analysis of the effects of truck driving on health was not affected by excluding treated people. The frequency of drinkers among forklift truck drivers and laborers was suspected to be small (P<0.1) but not significant. We thought that there was no significant bias in these basic factors in the three occupations.
Blood pressure
Ragland et al. reported that the hypertension rate for bus drivers from a large urban transit system in the US was significantly greater than rates for the threé comparison groups 1) . Belkic et al. examined the prevalence of hypertension in Belgrade city mass transit drivers, and reported that the prevalence in drivers was significantly higher than that of age-matched maintenance workers 6) . In Japan, Yokoyama et al. reported that truck drivers had higher blood pressure than clerical employees 10) . Ueda et al. also reported high prevalence of hypertension in taxi drivers in the fifth decade 7) . Aś the possible cause, Belkic et al. said that the sensory stress associated with driving affects the autonomic nervous system, resets the baroreceptor, and causes hypertension 11) , but SBP, DBP and the prevalence of hypertension were not significantly different between the occupations in our study. In multiple regression analysis, truck driving was not a significant factor in SBP and DBP. Previous studies were performed in bus drivers, taxi drivers and long-distance truck drivers, and the subjects were exposed to loads such as the stress of passenger transportation, irregular work style, shift work and long working hours in addition to vehicle driving. In contrast, the truck drivers analyzed in this study were not exposed to such loads because they transported goods for short distances, and their work was limited to the daytime. They did not have the stress of passenger transportation, irregular work style or shift work. Consequently, no significant difference was observed in this study because of the low workload except for car driving. This result suggests that the car driving alone has a relatively small effect on blood pressure if work conditions are as mentioned in this study.
In multiple regression analysis, age, drinking, BMI and HbA 1C were significantly associated with increased SBP. Age, drinking and BMI were significantly associated with increased DBP. Smoking was significantly associated with decreased DBP. The relationships of age, drinking and BMI to hypertension have been reported in many epidemiological studies. The relationship between hypertension and hyperglycemia has also been reported 12) . As for the association between smoking and hypertension, some studies showed a significant negative association 13, 14) , while others did not show such an association 15) . No definite conclusion could be drawn from these results. In our study, smoking was significantly associated with DBP but not with SBP. Therefore we think that a marked association between blood pressure and smoking was not demonstrated in this study.
Blood glucose
Few studies have been conducted on the association between car driving and hyperglycemia or diabetes mellitus. Ueda et al. reported that the prevalence of glucosuria in taxi drivers was significantly higher than that in a control group 7) . The possible causes were thought to be the irregular work style, irregular eating habits, excessive intake of sugar due to excessive drinking of sweet drinks such as canned coffee, and obesity due to lack of exercise. On the other hand, the prevalence of glucosuria, mean HbA 1C value and the proportion of abnormal HbA 1C were not significantly different in the occupations in this study.
Sugimori et al. reported that the diabetic group had significant differences compared to the normal group in age, BMI, drinking, smoking, hypertension and hypercholesterolemia 16) . In our study, age, BMI and TCho were significantly associated with increased HbA 1C , similar to the study of Sugimori et al., whereas other variables including occupation were not significant. It was thought that occupation not being a significant factor associated with HbA 1C was due to the low workload, except for vehicle driving, in this study. And it was also suggested that vehicle driving has a relatively modest effect on HbA 1C if the work is regular.
BMI, hemoglobin concentration
Significant differences between occupations were observed in BMI and Hb. It was reported that professional drivers are more obese than control groups 2, 7) . As the cause, eating habits and lack of exercise were pointed out. In our study, the mean BMI of truck drivers was higher than that of forklift truck drivers and laborers. The prevalence of obesity (BMI>=26.4) in clerical workers was the highest of the three occupations, followed by truck drivers. Because the forklift truck drivers and laborers sort out freight by the fork lift or do hand loading, their adequate exercise may explain this result.
The Hb of clerical workers was significantly higher than that of forklift truck drivers and laborers in this study. We should carefully reinvestigate this association which has not been generally reported.
Conclusions
We investigated the health effect of truck driving on healthy male workers 40 aged or more in a transport company. There was an influence of truck driving on obesity. Blood pressure, liver dysfunction, lipid metabolism and blood sugar were not significantly different in truck drivers and other occupations. The effects of truck driving on blood pressure and HbA 1C were also not significant when other factors were considered in multiple regression analyses. On the other hand, associations between car driving and blood pressure or blood sugar were reported in other studies on Western professional drivers and Japanese taxi drivers. Ethnic differences of the subjects and the somewhat small number of subjects in this study may have caused this discrepancy, but the results of other studies may have been affected by work style such as shift-work or long working hours, and our study suggested that the health effect of vehicle driving alone was small. To confirm this, a large-scale longitudinal study in a transport company similar to that investigated here should be performed.
